The open surgical approaches are more commonly used than the arthroscopic option. Of the many different open approaches the more common ones are the medial transmalleolar, lateral transmalleolar, anterior, and posterior approaches. A discussion on the various types of ankle arthodesis will be presented followed by the Ilizarov Method in septic ankle joint arthrodesis.
The medial approach is performed by using an osteotome or oscillating saw to create a transverse medial malleolar osteotomy at the level of the distal tibial articular surface. Next, the medial malleolus is reflected distally on the deltoid hinge, exposing the ankle joint. A power saw is used to resect the tibial plafond perpendicular to long axis of the tibia. Temporary fixation with Steinmann pins can be utilized to maintain the plantigrade position. The medial approach provides better visualization of the tibiotalar articulation 3, 4, 5 , the surgical exposure obtained is more subcutaneous and gives better access for preparation of the articular surfaces. Neurovascular complications are also decreased by this approach. Finally, the medial approach allows for visualization in placement of a posterior screw which has to be placed blindly when using the lateral approach. 3 In the lateral approach of ankle arthrodesis, an osteotomy is performed approximately 2 cm proximal to the level of the ankle joint. In this approach care must be taken not to sever the sural nerve. 3, 4, 5, 6 The lateral approach is preferred over an anterior approach in cases with moderate to severe deformity. Therefore in cases where a severe deformity of the ankle joint is not present, an anterior approach is indicated.
In regards with the anterior approach, care is taken to avoid any damage to the terminal branches of the superficial peroneal nerve, the intermediate and the medial dorsal cutaneous nerves due to the course of these nerves under the incision site. 7 The fixation indicated for the anterior approach is composed of at least 2 screws inserted at 30 degrees with respect to the long axis of the tibia. These screws should cross proximal to the fusion site to maximize stability. In certain cases a third screw can be placed to improve sagittal plane stability. 7 A major advantage of the anterior approach is that the osteotomy of the lateral and medial malleoli is avoided. The other approach which is used but is not discussed in the literature as frequently is the posterior approach. For the posterior approach, Hanson et al., concluded that using a posterior approach with a 95 degree blade plate is effective in large patients with a mild to moderate hindfoot deformity. 8 In addition to the open techniques, an ankle fusion can be performed with arthroscopy. In the arthroscopic technique various abraders, curettes and other arthroscopic instrument are used to remove the cartilage from the joint surfaces using a camera and small portals through the ankle joint. After removing the cartilage the ankle is reduced into proper position and finally fixated internally with two transmalleolar screws. With arthroscopic fusion it has been shown that the average time to fusion is significantly less, whereas this produces a faster recovery period. The shorter time to fusion is likely a result of the minimal soft tissue stripping that is performed during the procedure. 4, 9 Regardless of whether an open or an arthroscopic fusion is performed, the position of the foot for fusion is the same. In the literature the correct position for fusion is valgus of the posterior foot varying from 0 to 5 degrees with an external rotation of 5 to 10 degrees, sloping slightly posterior talus relative to tibia and neutral flexion position. 1, 2, 4, 5, 6 In order to prevent malposition, the foot should be compared to the rest of the leg and the contralateral limb before fusing it.
Once the proper position is found the next concern is fixation. There are various methods of fixation such as compression with an external fixator, internal fixation using plates and screws, intramedullary fixation, and arthroscopic ankle fusion. In difficult cases of ankle arthrodesis and limb salvage the preferred fixation methods are Intramedullary (IM) nail and external fixation. 1, 4, 5, 10, 11 Obtaining a solid fusion can be challenging in compromised bony interfaces, and standard techniques of tibiotalar fixation such as crossed lag screws are often inadequate. An advantage that the Ilizarov technique has over IM nailing and the other internal fixation options is it can be used in cases of infection. 3, 4 The Ilizarov method also spares the subtalar joint.
Post operative care is comparably the same in almost all the surgical procedures with non weightbearing in a posterior splint followed with a cast for at least 6 weeks, removal of casts depends on healing noted and once healing progresses the patient is placed in a CAM boot. For patients that were treated using the Ilizarov Method, early weight bearing is permitted. When comparing open arthrodesis with arthroscopic fusions, the arthroscopic patients were hospitalized for an average of 1.6 (1-4 day range) days whereas the open group was hospitalized for average of 3.4 days (1-6 day range). 12 As discussed earlier, complications include malposition, neurovascular complications. Nonunions and amputations can also occur as a complication depending on the surgical approach. Initially they can be treated with prolonged periods of immobilization and minimal weightbearing. In addition, an external bone stimulator can be used.
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If prolonged immobilization does not help then bone grafting and external fixation are recommended. 1, 4, 5, 11, 13, 14, 15 In cases in which non unions are painful and they are not able to be resolved with repeated surgical options an amputation is many times the only option. 11, 13 Also superficial infection of the surgical incision or the pin sites in external fixation methods has been reported as occurring in 40% to 50% in which local wound care is usually sufficient enough.
In cases of deeper infections where osteomyelitis is involved the rate of amputation is as high as 50% which happens more so in the case of fusions performed in an existing septic process.
This article will present failed open reduction internal fixation (ORIF) in diabetic patients that were salvaged in case of septic ankle fusion using the Ilizarov method in which both medial and lateral incisions were used.
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Case Report
Case # 1
The first case is that of a 70 year-old diabetic, neuropathic, cardiomyopathic, liver transplant patient on dialysis. He had a bimalleolar ankle fracture stabilized with internal fixation. (Figs. 1 and 2 ) He was referred to our service after undergoing multiple surgeries including wound care and skin graft. He had a large ulcer on the medial and lateral ankle on the left lower extremity. His fibular plate was severely bent and the tibia was exposed on the medial side due to noncompliance and ambulation. An external fixator with several tibial screws and one calcaneal transfixation screw was used to temporarily hold the deformity. This was done prior to being transferred to our service. Cultures revealed Methicillin-resistant Staphylococcus aureus (MRSA) with osteomyelitis at the ankle and the patient was on intravenous (IV) antibiotics. After consulting with infectious disease, internal medicine, cardiology and vascular surgery, the patient was given clearance for limb salvage. The patient had only two choices at the time: (1) below the knee amputation or (2) limb salvage. He chose the latter. The treatment plan included wound care, debridement of the ulcer and removal of the necrotic and infected bone and soft tissue.
This was performed 1 week prior to surgery. The patient then underwent a septic ankle arthrodesis using the Ilizarov frame as well as rotational flap to close the ulcer. (Figs. 
3-5)

Case # 2
This patient is a 380lb, diabetic, neuropathic, cardiomyopathic patient with a malunion. ( The treatment plan again included wound care, debridement of the ulcer and removal of the necrotic and infected tissue. One week later, he had a septic ankle arthrodesis and subtalar joint arthrodesis using the Ilizarov frame as well as a rotational flap to close the ulcer at the ankle. (Figs. 8A, 8B , 9A, 9B, 10A, 10B, 11 and 12)
Case # 3
This patient is a 70 year old diabetic, neuropathic who suffered a severe ankle and foot fracture. She is a chronic tobacco abuser smoking 2 packs per day. She had an ORIF of the right ankle and foot. The patient developed a postoperative infection. She was referred to our service for limb salvage.
On initial presentation the patient had a tremendous amount of putrid smelling brown pus coming from the medial ankle. (Fig. 13, 14A and 14B) Culture and sensitivity revealed MRSA. She was on IV Vancomycin. She was taken to the OR and an incision and drainage was performed. The necrotic bone and tissue as well as the hardware at the ankle were removed. The wound was then packed with iodoform and she had daily wound care. One week later, when the infection was controlled, she had a septic ankle arthrodesis using the Ilizarov Method. (Figs. 15, 16A , 16B, 17A, 17B) 
Surgical Technique and Result
Case # 1: Three tibial rings, each 180 mm with several smooth 1.8 mm wires were applied to the proximal tibial segment. Also two half pins were also inserted and attached to the tibial rings. Then a foot plate was applied using the 1.8 mm wires. Note that the tibial rings and foot plate were not connected at this time. An incision was made on the lateral side. The hardware and the distal fibula were removed. On the medial side, the hardware and distal medial tibia were removed. The ulcer on the medial side was debrided and all necrotic tissue was removed. Then the tibial talar joint was resected until there was good apposition and bleeding. The wound was copiously irrigated with 3 liters of normal saline and bacitracin. The foot plate was manipulated to hold the tibial talar joint in good apposition with the second toe in line with the tibial tuberosity. There was no varus, valgus, dorsiflexion or plantar flexion noted. The tibial talar joint was in neutral position. The foot plate is used to move the foot such that the talus is directly under the tibia and not forward or behind the tibia. Several 0.062 Kirschner wires were inserted to hold the tibial talar joint. (Figs. 3 and 4) © Rods were then applied to the foot plate and tibial rings. Compression was applied in an axial direction. There was good alignment and good compression.
Another incision was made above the ulcer and a full thickness rotational flap was performed to close the ulcer where the tibia was exposed. There were also two other ulcers noted which were created by the prior transfixation screw through the calcaneus. These ulcers were debrided to good bleeding tissue and then covered with Graft Jacket and sutured with 3-0 Prolene TM . The rest of the surgical sites were closed using 3-0 Vicryl TM for deep tissue and 3-0 Prolene TM for the skin as well as skin staples.
The external fixation was left on for three months until consolidation was seen on radiograph. Then the external fixation was removed and the wires going into the subtalar joint was removed. A CROW boot was then dispensed to the patient to protect the limb. The patient then began ambulating with a walker. At six month and one year follow-up, the patient is still ambulating and without any recurrence. ( Then a foot plate was applied to the foot with wires and tensioned appropriately. The tibial rings and the foot plate were not connected. Then an incision was made on the medial and lateral ankle. All the necrotic bone, tissue and the hardware were then removed. The tibia and the talus were then resected to good bleeding tissue and good apposition. The lateral incision was also extended to the subtalar joint and the subtalar joint was then denuded of cartilage. The large ulcer on the medial side was debrided and all necrotic tissue was removed. There was an even larger opening on the medial side after the debridement. The surgical site was irrigated with 3 liters of normal saline with bacitracin. The foot plate with the foot was then manipulated in a manner in which the tibia and second toe was in line. The tibial talar joint was in neutral position without varus or valgus. There was no varus, valgus, dorsiflexion or plantar flexion noted. The tibial talar joint was in neutral position. The foot plate is used to move the foot such that the talus is directly under the tibia and not forward or behind the tibia. Then several 0.062 Kirschner wires were inserted from the calcaneus, through the talus and then into the tibia. Rods were then used to connect the foot plate to the tibial rings and this was then compressed to fuse the tibial-talar-calcaneal joint.
Attention was then directed to the medial large ulcer. Another incision was made at the ulcer and a rotational flap was performed so as to close the ulcer. The surgical site was closed with 3-0 vicryl for the deep tissue, and 3-0 Prolene TM and skin staples for the skin.
The external fixator was left in place for three months until good consolidation was noted. The K wires were removed. Because he was morbidly obese, internal splinting with percutaneous 6.5 bolt screws from Synthes were inserted from plantar calcaneus to the tibia. He was also given custom AFO. (Figs. 8A,8B, 9A, 9B, 10A, 10B, 11 and 12) At six month and one year follow-up, the patient is still ambulating and without any recurrence.
Figure 11
The ulcer has completely healed and the Ilizarov external fixator has been removed in case #2. The foot is very stable and completely fused at the tibial-talar-calcaneal joint.
Case # 3:
The patient had severe abscess at the medial left ankle with the pus tracking laterally up the leg. (Fig. 13 ) An incision and drainage was performed on the medial and lateral ankle. The infected tissue, bone and hardware were all removed as well at the distal fibula. The surgical site was irrigated copiously with three liters of normal saline and bacitracin using a pulse lavage system. The surgical site was loosely approximated with 3-0 Prolene TM and skin staples. She then had wound care every day including the use of Betadine ® soaked iodoform as well as irrigation with one liter of normal saline and bacitracin for 5 days. Once the infection was controlled, she was then taken back to the OR for a septic ankle arthrodesis.
Figures 12
Post operative radiographs showing complete arthrodesis of the tibial-talar-calcaneal joint and stabilization using percutaneous 6.5 mm fusion Synthes bolts after the Ilizarov frame was removed in case #2.
The patient was taken back to the OR and three 180 mm tibial rings were applied to the left lower leg proximal to the infected area. (Fig. 15 ) The wires were tensioned appropriately and then 2 half pins were applied. Then a foot plate was applied and tensioned appropriately. The tibial talar joint was then resected and then placed in a neutral position without any varus or valgus. There was no varus, valgus, dorsiflexion or plantar flexion noted at the tibial talar joint. Also note that the foot plate is used to move the foot such that the talus is directly under the tibia and not forward or behind the tibia. Her tibial talar joint was in neutral position. This was then stabilized with several 0.062 K wires. The foot plate with the foot was then connected to the tibial rings with several rods. These were then tightened to compress the tibial talar joint. She did have a valgus tilt of the subtalar joint with the heel being laterally located. (Figs. 16A and 16B ) Because of the complexity of the deformity, it was decided to perform a medial calcaneal slide osteotomy at a different time until there was complete consolidation of the tibial talar joint. Antibiotic beads of 1 gm of Vancomycin were made and inserted into the lower leg ankle area. The external fixator was left in place for four months until good consolidation was noted. The K wires were removed. At this time, because of the severe deformity and possibility of recurrence and BKA, internal splinting with a 10-hole 3.5 mm metaphyseal plate and screws spanning the tibial-talar-calcaneal complex was performed. Also, a medial calcaneal slide osteotomy was also performed to have a more rectus foot and in better alignment of the leg and hindfoot. This was performed by making an incision on the lateral calcaneal area. The incision was deepened to the subcutaneous tissue and then to bone.
A sagittal saw was used to perform the osteotomy and the calcaneus was translated medially approximately 2 cm and stabilized with several crossing K wires. (Figs. 17A and 17B) Two months later, the wires in the calcaneus were removed and a custom Arizona brace was dispensed and she was able to ambulate with a walker.
After six months, she developed an ulcer on the plantar right foot. She had a Charcot foot prior to the severe infection on the left foot. This ulcerated after six months but with proper wound care, this ulcer completely healed. She was also dispensed another Arizona brace for the right lower extremity. At two year follow-up, she is doing well and has both of her legs and feet. (Figs. 18,19 ) 
Discussion
Multiple studies have noted that open reduction internal fixation in acute diabetic ankles fracture can be devastating. 16, 17, 18, 19, 20 Patients with complications associated with diabetes are at an increased risk for higher rates of in hospital mortality, in hospital post operative complications, length of stay and nonroutine discharges. 19 Previous studies has shown mortality rate as high as 8.5% and deep infection of 17% associated with complications of diabetic ankle fracture. 18 Even after anatomical reduction with stable internal fixation, the diabetic neuropathic patients may experience complications such as breaking or bending the fibular plate, malunion, nonunion, and charcot arthropathy. After repeat ORIF of the ankle with stacked one-third tubular plates and several syndesmotic screws, failure can occur. It is noted in previous studies that diabetic neuropathic patients are 5 times more likely to need revision surgery when comparing to patient with uncomplicated diabetes.
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Salvage by tibiotalocalcaneal fusion with intramedullary rod in this population group also failed due to non compliance. This can ultimately resulted in a below the knee amputation. 2, 21 In revisions surgery, the fusion rate is noted to be lower than in primary arthrodesis.
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Figure 15
Lateral radiographic view of the septic ankle arthrodesis using the Ilizarov frame several weeks after surgery. There is good alignment of the tibial talar complex. There is placement of antibiotic beads in the ankle/lower leg area. (Case #3)
Thus, in our case reports, our protocol is to perform ORIF and then to stabilize the lower extremity with an Ilizarov frame. If the patient has peripheral vascular disease, the Ilizarov frame was applied with very minimal to no internal fixation. If the patient is severely medically compromised, the surgery was performed under IV sedation using a popliteal block, common peroneal block at the neck of the fibula and saphenous nerve block at the level of the tibial tuberosity. Several surgical techniques are currently accepted for performing primary ankle arthrodesis. These techniques include compression with an external fixator, internal fixation using plates and screws, intramedullary fixation, and arthroscopic ankle fusion. 1, 22 The Ilizarov technique offers several advantages that "traditional" fusion does not offer in patients with complex ankle pathology such as infection, limblength discrepancy, mal-union, Charcot joints, talar osteonecrosis, and talar absence. 22 Internal fixation and arthroscopic techniques are not suitable methods for infection, bone loss, severe deformities, or failed procedures. 1 Post-operatively, the Ilizarov method allows for adjustments in mechanical control throughout the treatment period that is otherwise impossible with nails, screws, or plates. 1, 22 Potential limitations that can be associated with this technique include pin track problem, the cumbersome frame, and complexity associated with application of the frame. Pin track infections do occur but usually are managed locally with pin site care and oral antibiotics. However, the advantages outweigh these downfalls. These advantages prove even more invaluable when application is planned for revisions and complex situations. 1 The Ilizarov technique provides stable fixation and allows application of primary and continuous forces along any axis and direction. 1, 22 The dynamic axial fixation maintains bone contact without additional bone grafting and allows excellent bending, shearing, and torsional stability that allows early weightbearing. 1, 22 Most patients are bearing partial weight immediately, therefore earlier compression is noted across the surgical site, enhancing fusion rate. 22 Additionally, due to early ambulation, there is noted improvement in proprioception and reduction in complications such as deep vein thrombosis and deconditioning. The Ilizarov technique also enables correction in a single plane or in multiple planes.
1,2,22
A well aligned fusion ensures a near normal gait. It is recommended that fusion be position with valgus of the posterior foot varying from 0 to 5 degrees with an external rotation of 5 to 10 degrees, sloping slightly posterior and neutral flexion position. 1, 2 Ankle arthrodesis can be divided by approach as anterior, transmalleolar, or posterior or by method of fixation as external or internal. 1 However, when planning the proper procedure for the high risk diabetic patient, many techniques become less appropriate with frequent complications and difficult to achieve fusion site. In our case reports in this article, we performed septic ankle arthrodesis using the Ilizarov Method for limb salvage. All patients were told that a BKA was eminent. We were able to salvage the limb by the Ilizarov Methodology. It has been noted by Gabriel Ilizarov that osteomyelitis burns in the fury of osteogenesis. Osteogenesis occurs by compression and immobilization of bone using the Ilizarov Methodology. In the presence of infection of the tibiotalar joint, arthrodesis is a reasonable treatment option and in some cases may be the way to prevent amputation at a more proximal level.
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Figure 19
Complete healing of the calcaneal osteotomy in anatomic good position after removal of the internal fixation wires in case #3.
Conclusion
The previous cases of diabetic ankle fractures which were fixed with open reduction and internal fixation went on to septic ankle joints. Septic ankle joint is a difficult condition to treat with two viable options limb salvage ankle arthrodesis or below knee amputation. Patients must be aware that ankle arthrodesis may still end up in a BKA. Many different ankle arthrodesis surgical techniques exist with the salvage option.
Each surgeon has his or her preference as to their procedure of choice with each having their advantages and disadvantages. The author's systematic approach to diabetic ankle fractures is to cast if they are non-displaced, and ORIF with an Ilizarov frame if ankle fracture is displaced. If they go on to a septic ankle joint then the area is debrided and internal hardware is removed and an Ilizarov method is used for ankle arthrodesis. In the authors experience the biggest complication with the Ilizarov frame is pin tract irritations and or infections but these are easily treated by removing the pin and placing a new one. The Ilizarov method is a good option in providing adequate compression and in allowing the patient to bear weight. It is important to follow these patients frequently to make sure the arthrodesis site is healing well and free of infections to prevent a BKA.
